Abstract
Pollination type significantly influences a small number of genes
We expected that stylar transcriptomes would exhibit differences due to the type of 143 pollination and whether or not a pollination was compatible. We performed three separate Table S1 (self vs UP); Additional File 1 Table S2 149 (intrapopulation vs UP) and Additional File 1, Table S3 (interpopulation vs UP)). In all 150 pollination treatments we identified pollination-induced differential expression of a number of 151 hypothetical proteins, RNA-directed DNA polymerases and retrovirus-related reverse 152 transcriptases. However, only three genes showed similar regulation among all pollination treatments: a hypothetical protein (Sopen05g010690) and two genes that have high homology to a Copia-like retrotransposon (Sopen01g019140 and Sopen02g008750).
155
Five genes were similarly differentially expressed in incompatible crosses with LA1777 156 as female (self and interpopulation crosses, Additional File 1, Table S1 and Table S3) proposed that CBS proteins are redox regulators involved in the modification of cell wall 161 composition, and in Arabidopsis, changes in CBS expression can reduce self-fertility [55] . A 162 homolog of Defective meristem silencing 3 (DMS3, Sopen03g019410), a gene that is involved in 163 silencing and epigenetic modification, was also downregulated 3-fold in incompatible crosses 164 [56] . 165 Thirty two genes that were differentially regulated between interpopulation pollination 166 and UP styles (Additional File 1, Table S3 ), but not in other treatments (self vs UP, Additional 167 File 1, Table S1 or intrapopulation vs UP, Additional File 1, Table S2 ).Interesting candidates 168 included a Ras-related GTPase (Sopen04g023040, Rab3), a pollen specific calcium binding pollinations, an endonuclease was upregulated over 18-fold, and a DNase over 2.9 fold.
Intriguingly, in Pyrus pyrifolia and Papaver rhoeas, the disruption of ROS signaling in 177 incompatible (self) pollen tubes leads to depolymerization of the actin cytoskeleton and an 178 increase in nuclear DNA degradation [62, 63] .
180

Differential gene expression related to UI-competence in styles 181
Although a number of potentially interesting candidates involved in UI were identified 182 from our pairwise comparisons, they were expressed at relatively low levels, often showed only 183 low fold-changes, and had relatively high p-values (p < 0.05). A principal components analysis
184
(PCA) of all stylar treatments showed that most of the variation between samples could be 185 explained by source population, and that there was no consistent grouping of styles due to 186 pollination treatment (Additional File 2, Fig. S1 ). The fact that few significant differences were 187 detected between UP styles and pollination treatments may reflect results of previous studies
188
indicating that the genes involved in UI-competence are expressed in styles regardless of 189 pollination status [31, 37, 54] . In other words, the UI-competent styles appear 'primed' to reject we also performed an analysis in which all stylar treatments within a population (UP, pollinated
193
with self, intrapopulation and interpopulation pollen) were pooled to capture differential 194 expression between UI-competent (LA1777) versus UI-compromised (LA0407) styles.
195
We identified 179 genes that were significantly upregulated in UI-competent versus
196
compromised styles, and 179 that were significantly downregulated (Additional File 1, Table S4 197 and Table S5 ). However, we focused our interest predominantly on genes that showed a mean expression level over 3 normalized cpm and were upregulated over 10- tube growth and guidance [64] .
219
One gene of particular interest that was highly upregulated in UI-competent styles is the 220 hypothetical protein Sopen02g033850 (Table 1) , which shows 80% amino acid identity to the peptide hormone Rapid ALkalinization Factor (RALF) from the wild potato, S. chacoense.
222
Small secreted peptides including RALFs are involved in a wide variety of plant functions 223 including development and immunity [65] , and a pollen-specific RALF from S. lycopersicum 224 (SlPRALF) was found to negatively regulate pollen tube elongation in vitro [66] . We also 225 identified a protein involved in oligo-peptide transport (Sopen05g001950) which was 226 upregulated >28-fold in UI-competent styles and may be involved in the transport/secretion of 227 peptide hormones such as RALFs.
228
Another gene of interest that was highly upregulated in UI-competent versus 229 compromised styles was a Kunitz family protease inhibitor (Table 1 ). In Nicotiana, the Kunitz 230 family protease inhibitor, NaStep, is highly expressed in the pistils of SI species and is thought to 231 stabilize HT-proteins, although the mechanistic basis of this interaction remains unknown [67] .
232
The NaStep protein is taken up by both compatible and incompatible pollen tubes, and the 233 transgenic suppression of NaStep in SI Nicotiana species compromises rejection of both self-and 234 some types of interspecific pollen tubes [67] . The reduced expression of this gene in UI-
235
compromised LA0407 may reflect this population's lack of ability to reject some types of 236 interspecific pollen tubes [1, 6] .
237
Although we were most interested in genes showing the highest upregulation in UI-238 competent styles, we also analyzed genes that are highly downregulated. We found that three of 239 the top 25 most highly downregulated genes in UI-competent styles were involved in oxidation-240 reduction reactions, and one was putatively involved in defense response (Additional File 1, proteins from this family have been found to promote pollen tube tip growth and play a role in 285 the ability of the pollen tube to sense directional cues [73, 74] .
286
Our analysis of pollen also identified differentially expressed genes that may be involved 287 in protein degradation pathways ( Sopen12g022970) that were upregulated over 150-fold in UI-competent pollen (Table 2) .
293
Another gene involved in protein degradation, an aspartyl protease (Sopen01g032940) was
294
highly upregulated 189-fold in UI-competent pollen (Table 2) . No previously identified SLFs
295
[28] were significantly differentially regulated, nor was the pollen UI factor Cullin1 [26] 296 (Additional File 1, Table S9 ).
297
We identified two protein kinases that were upregulated over 50-fold in UI-competent 298 pollen, one of which encodes a calcium binding serine/threonine wall-associated kinase
299
(Sopen10g028190), and the other a cysteine-rich receptor like kinase (RLK) (Sopen02g013470) 300 (Table 2) . Because RLKs have a proven role in pollen tube growth [76] , these genes are of hormone signals from the pistil [77] [78] [79] .
303
Genes involved in transcriptional regulation are likely to be important components of 304 pollen tube growth. We identified two types of transcription factors known to play key roles in 305 stress response [80, 81] that were highly upregulated in UI-competent pollen: a NAC-domain 306 containing protein (Sopen03g020850) and a bZIP family protein (Sopen12g006170) that has 307 previously been localized to pollen (Table 2 ; Additional File 1, Table S7 ).
308
An analysis of genes that were highly downregulated in UI-competent pollen identified 309 an F-box Protein (Sopen11g004020) and a Cysteine-rich RLK (Sopen05g014070) that were 310 downregulated over 45-and 100-fold respectively (Supplemental Table S8 ). Genes showing 311 over 100-fold decreases in UI-competent pollen also included two Histone Deacetylases
312
(HDACs, Sopen11g004040 and Sopen11g004050; Additional File 1, Table S8 ). The proper function of HDACs has been linked to successful pollen tube germination and tip growth in
314
Picea willsoni [82] . Table 3 ). Because styles of LA2119 are unique in that they accept 334 interpopulation LA0407 pollen while rejecting interspecific pollen, we interpret the information in F-box-LRR Protein (Sopen12g006260).
355
The LDA of pollen genes was more straightforward in that LA2119 and LA1264 were 356 expected to be UI-competent (i.e., similar to LA1777) whereas LA1223 is UI-compromised and 357 may be missing pollen factor(s) required to traverse SI styles. As shown in interspecific UI were ROS pathway genes (Table 4) . Surprisingly, only two ROS-linked genes
416
were upregulated in interpopulation UI-competent styles, one of which encodes a DELLA-like 417 transcription factor that inhibits ROS accumulation and restrains cell expansion [83, 84] . In sum,
418
these results suggest a dynamic interplay between pollen and pistil that must be held in a tight 419 balance for pollen tubes to successfully grow through styles to reach the ovary.
420
The generation of ROS is linked to cell expansion, growth, cell wall cross linking and 421 callose deposition [95] . involved in cell wall modification in our larger analysis of stylar tissue (Additional File l, Table   432 S4 and Table S5 ), most of which were highly downregulated in UI-competent styles. Table 3 for more information. 
490
Pollinations were covered with mesh bags to prevent unintended pollen deposition by 491 pollinators. Pollen tube growth was assessed using fluorescence microscopy as previously 492 described [31] , and the length of styles and the point in the style at which no more than three pollen tubes passed were measured using ImageJ 1.47v (http://rsb.info.nih.gov/ij/; [104] ).
Tissue collection, RNA extraction and library construction 496
The primary RNA-seq experiment was performed to identify genes involved in Table S10 ).
505
For all style samples, flowers were emasculated and pollinated as described above for (including stigmas) were harvested directly into RNALater (Qiagen) and stored at 4º C for one 513 week, after which styles were blotted dry and immediately frozen at -80º C until processing.
514
Approximately 100 mg of pollen was harvested from each individual plant and immediately 515 frozen at -80º C.
516
Tissues were ground using the Tissue-lyser (Qiagen), RNA was extracted using the 
RNA-seq read processing and mapping
528
Prior to mapping and assembly, reads were trimmed and filtered using the SHEAR bases. The appearance of AGATC at the 3′ end was also removed as we presumed it was an 535 adapter fragment. We removed both reads in a pair if either one of them failed the filters. On 536 average, 2.9% of all reads failed to pass the filter (min 2.5%, max 3.4%). The full command and 537 parameters used for SHEAR can be found in Additional File 2, Method S1.
538
We mapped RNA-seq reads to the Solanum pennellii reference genome using the STAR 539 spliced aligner with default parameters [106] . errors with the eBayes function [110] .
555
We initially searched for differential expression among stylar tissues by carrying out 556 separate pairwise comparisons. Specifically, we compared the following pairs of style treatments 557 in LA1777: intrapopulation-pollinated (compatible) against unpollinated (UP) styles, self-558 pollinated (incompatible) against UP styles and interpopulation (incompatible) against UP styles.
559
We visualized the genome-wide patterns of expression through a PCA of the normalized 560 mean read counts per gene (cpm reads in the library) with the prcomp function (implemented in 561 R; [113] ). The PCA showed that there were negligible differences at the genome-wide scale 562 among all style treatments within a population ( Fig. 3; Additional File 2, Fig. S1 ). Because of 563 these high consistencies in their gene expression profiles, all style treatments (UP, self-, intra-and interpopulation pollinated) within a population were considered identical in our linear 565 models that focus on the differences between UI-competent (LA1777) and UI-compromised 566 (LA0407) styles.
567
We identified genes that are differentially expressed in UI-competent tissues using a 568 linear model with a single fixed effect (collinear with the population of origin) for pollen (n=6)
569
and styles (n = 24) separately. From these models, we took genes as differentially expressed if 570 they showed large differences in expression (> 3-fold change), with statistical significance at a 571 false discovery rate (FDR) of 5%. Further, we considered only tissue-specific genes: we required 572 genes to have a significant (FDR < 5%) tissue effect in a general linear model
(where P is a population effect, T is a tissue effect, and e is the error term). For stylar-side 574 factors, we included genes as differentially expressed if they were upregulated in styles with 575 respect to pollen, and vice versa for pollen-side factors. This last filter ensured that differences in 576 styles were unlikely to be contributed by pollen in the styles of pollinated samples.
577
A number of a priori pollen and pistil UI candidate genes were selected based on 578 information from previous publications [23, 26, 28, 31, 54] . Some of the SLF genes have not yet 579 been annotated in the S. pennellii genome, so we used locus numbers and sequences from Li and
580
Chetelat (2015) [28] to find these genes in our dataset. We identified expression levels of all a 581 priori candidates, and carried out statistical tests similar to the ones described above to determine 582 whether they were differentially expressed. 
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